Two methods for measurement of the maximum intensity Im as defined by the National Council for Radiation Protection are compared. One uses a calibrated broadband hydrophone; the other uses a spherical radiometer. A suggestion is made for measurement of a spatial average, temporal maximum intensity to be used in the nearfield of a transducer.
INTRODUCTION
Recent observations indicate that, for pulsed ultrasound as used in medical diagnosis, temporal peak intensity is a better predictor of certain biological effects than temporal average intensity. In exposures of Drosooehila larvae to low-temporal-average-intensity, microsecond-length pulses of 2-MHz ultrasound, an increase in the peak intensity by a factor of 3 above the threshold for effects, resulted in 70% killing. On the other hand, when the peak intensity was held constant and the temporal average intensity was varied through the pulse repetition rate, an increase in the temporal average intensity by a factor of 100 resulted in •n ,•ncrease in killing only from 60% to 80% (Child et al., 1981 }.
Until recently, standards groups have been reluctant to provide definitions of peak intensities. The need was not apparent in the absence of clear cut biological effects of lowtemporal-average-intensity, pulsed ultrasound; and furthermore, the techniques for measuring peak intensities were not readily available.
There still may be reason to avoid the use of the peak intensity concept. It is very likely that cavitation-related mechanisms are responsible for the above mentioned effects. If that is the case, the only completely adequate description of the physical cause of the biological effect may be the time dependent pressure in the acoustic pulse {Carstensen and Flynn, 1982}. However, the biomedical community has become accustomed to specifying magnitude of ultrasonic exposures in terms of intensity rather than pressure. Hence, the peak intensity may serve a useful purpose, at least until spe- 
II. RADIATION FORCE
The temporal average radiation pressure is proportional to the temporal average intensity which is just the energy per unit area per pulse multiplied by the pulse repetition frequency. After being assured that the pulse is not affected by the repetition rate in a given experimental arrangement, one can simply increase the repetition frequency until the radiation force is great enough to produce a suitable deflection Of the spherical radiometer which is to be used as a detector.
The average intensity measured by a radiometer is -f p(t )2/pc at, ' Table I. In a series of approximately 20 tests at 1, 2, and 5 MHz, the two methods agreed on the average to within 10%. The choice of methods is arbitrary: As long as one can rely upon the calibration of a hydrophone, that technique has the advantages of simplicity.
Many biological and medical exposures to ultrasound are in the nearfield of the sources. Even the pulse shape varies from place to place in this region of the field. Since the sound distribution in the nearfield is very complex, it is frequently useful to describe the exposure in terms of the spatial average intensity. For pulsed sources which are used in the nearfield, we suggest a modification of the radiation pressure technique above to determine an effective spatial-average, temporal-peak intensity. Let the temporal-average, total acoustic power be determined with a large absorbing radiation force target. Then, let the spatial-average, temporalaverage intensity be the total power divided by the area of the radiating surface. To determine the integral in Eq. (4b), use a pulse recorded with the hydrophone in the farfield. The use of the farfield pulse shape is completely arbitrary, but is probably justified in light of the complexity of the nearfield. Finally, let the spatial-average, temporal-peak intensity be the temporal average intensity divided by this integral. 
